Introduction
In recent years, both compliance and voluntary markets have emerged to help support the development of renewable energy resources. Compliance markets are primarily driven by state renewable portfolio standards (RPS), which require utilities or other load serving entities to procure renewable energy for part of their electricity supplies. Voluntary markets differ in that they provide consumers with the option to purchase or support renewable energy for a portion or all of their electricity needs. We refer to this as the voluntary market or the "green power market" because these renewable energy purchases are made on a voluntary basis, driven largely by an interest in using cleaner and more sustainable sources of electricity. In addition to these two markets, utilities may also enter into contracts for renewable energy generation that is deemed cost competitive under the Integrated Resource Planning (IRP) process or otherwise, but we do not focus on renewable energy obtained through IRP processes in this paper.
Both compliance and voluntary renewable energy markets are growing rapidly. Today, about half of U.S. states have RPS policies in place, with a number of these policies adopted in the last several years. In addition, many states have recently increased the stringency of their RPS policies. For example, Colorado expanded from a 10% renewable energy target to a 20% target in March 2007. And a national RPS is being debated in Congress. Voluntary markets are also growing rapidly, driven largely by interest on the part of large corporations and institutional customers. In fact, renewable energy sales in voluntary markets have grown at rates ranging from 40% to 60% annually for the past several years. Collectively, the compliance and voluntary renewable energy markets made up an estimated 1.7% of total U.S. electric power sales in 2006. [1] As these markets evolve and grow, a number of issues arise with respect to their interplay. For example, how do these two markets interact in terms of providing demand for renewable energy and supporting new renewable energy development? Are these markets complementary? Do voluntary consumer purchases support renewable energy beyond those supported by renewable energy mandates? Do the markets support different technologies or renewable energy development in different regions of the country? How does demand from the two markets impact prices? And, finally, as the number and stringency of RPS policies increases, is there a need for voluntary markets and will consumers continue to be interested in making voluntary purchases?
Market Interaction Experience and Issues
As of September 2007, 25 states and the District of Columbia had adopted renewable portfolio standards (RPSs) while several other states-including Missouri, Vermont, and Virginia-have nonbinding renewable energy goals [2] . And, more than 50% of U.S. electricity consumers have the option to purchase renewable energy through their utility or electricity provider, generally at a premium above standard electricity rates. The voluntary market has grown rapidly in recent years because businesses, cities, universities, and other large entities have begun making large purchases to meet their corporate or institutional environmental goals and to "green-up" their image. If the voluntary market continues to grow at a rate of 35% annually, it will reach about 40 million MWh by 2010 and represent about one-quarter of the total demand from voluntary and compliance markets (See Figure 1) .
The compliance and voluntary markets have already begun to influence each other in a variety of ways. One issue that has emerged is whether the same kWh of renewable energy can be sold to a consumer making a voluntary purchase while it is also counted toward RPS compliance. This section also explores some of the supply and demand interactions of these two markets based on experience to date. NOTICE: This is the author's version of a work accepted for publication by Elsevier. Changes resulting from the publishing process, including peer review, editing, corrections, structural formatting and other quality control mechanisms, may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. The definitive version has been published in Electricity Journal, 21.1 (2007) 
Additionality and Double Counting
For consumers making voluntary purchases of renewable energy, one of the biggest potential problems is that their purchase will not go above and beyond (or be additional to) renewable energy called for by mandates. Otherwise, they are paying a premium for renewable energy that would have been brought online anyway and paid for by all ratepayers. According to the U.S. Environmental Protection Agency (EPA), "It is this 'additionality' that gives voluntary green power purchases their environmental integrity and marketability and, thus, underpins an effective voluntary market." [3] On the other hand, a few states have allowed double counting, or the sale of the same REC to more than one customer, to minimize utility compliance costs with RPS policies. summarize arguments that have been presented both for and against counting green power sales toward an RPS. [4] Double counting can also occur if the same RECs are supplied to different consumers. Concerns over double counting can be addressed through tracking systems, RPS implementation rules, and third-party certification of renewable energy products offered in voluntary markets. Each of these is discussed below in turn.
Role of Tracking Systems in Addressing Double Counting
Several Web-based tracking systems have emerged to verify RPS compliance and voluntary market transactions. These regional tracking systems help states keep track of RECs that may have been bought and sold several times. A REC used for compliance purposes or purchased in the voluntary market can be "retired" so that it is not resold to other entities. When a megawatt-hour (MWh) of electricity is generated and the associated REC produced, the regional tracking system records the exact date, facility location, vintage, emissions, renewable energy resource, and certificate issue date of the REC and assigns it a unique serial number. Tracking systems follow ownership changes and when the REC is used for marketing claims or RPS compliance, its serial number is retired and not able to be traded again within the system. [5] This type of system can help ensure that only one entity has benefited from the claim of purchase. However, tracking systems do not prevent a state from counting voluntary retirements towards an RPS target, if the state so chooses.
In New England, the Generation Information System (GIS), run by the New England Power Pool (NEPOOL), issues certificates for all generation in the region. The Generation Attributes Tracking System (GATS) is operated by the Pennsylvania-Jersey-Maryland (PJM) regional transmission organization and includes Mid-Atlantic and parts of some Midwestern states. New Jersey participates in the PJM tracking scheme, but also has its own program for tracking solar generation because the state RPS has a solar set-aside and allows behind-the-meter solar to be eligible. Texas has its own tracking system which is administered by the Electric Reliability Council of Texas (ERCOT). Two new tracking systems, known as the Western Renewable Energy Generation Information System (WREGIS) and the Midwest Renewable Energy Tracking System (M-RETS), came online during the summer of 2007. In addition, a New York tracking system is expected to come online sometime in 2008 or 2009. Despite the availability of these regional tracking systems, not all states are covered, making it difficult to track and verify RECs from those states (see Figure 2) .
Treatment of Voluntary Purchases in RPS Rules
In addition to tracking systems, rules implementing state RPSs often address the issue of double counting. While a few states do allow voluntary market sales to meet RPS requirements to minimize utility compliance costs, most states do not allow voluntary purchases to count toward an RPS, and a few states are silent on the issue.
More than a dozen states and the District of Columbia explicitly prohibit voluntary purchases of renewable energy (or voluntary RECs) from fulfilling state mandates. For example, Minnesota's legislation states: "In meeting their renewable energy objectives, utilities shall not include generation purchased under green pricing programs." [6] A few states allow exceptions to this no double-counting rule. In Delaware, Maine, and Rhode Island, the RPS legislation allows a percentage (up to the state mandate level) of individual, voluntary, green power purchases to count toward fulfillment of the RPS. So, if a customer purchases 100% renewable energy, in Maine where the RPS requirement is 30%, 30% of the voluntary purchase can count toward the RPS. In Maryland, renewable energy that is sold in the voluntary market is deducted from the baseline electricity sales used to determine the amount of sales necessary to fulfill the state RPS. [7] In Colorado, RECs sold in the voluntary market can be counted toward the RPS if the Public Utilities Commission provides approval.
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Third-Party Certification of Products in Voluntary Markets
As ambiguous language in some RPS implementation rules could allow for double counting, steps have been taken to create certification bodies or rules to avoid it. For example, the U.S. Environmental Protection Agency's (EPA) Green Power Partnership has established standards for renewable energy and REC purchases by its more than 750 partners, which include Fortune 500 companies, universities, and other business and institutional customers. Most large nonresidential customers that purchase green power participate in the partnership and follow the program rules. To qualify for the program, voluntary purchases must not be counted toward an RPS and the renewable energy or RECs must come from new renewable energy sources built on or after January 1, 1997. This stipulation ensures the renewable energy purchase is not double counted and helps promote new renewable energy development. [17] The Green-e program, which is managed by the Center of Resource Solutions, has a similar requirement. Green-e will recognize only RECs that are not used to meet a regulatory requirement and are sourced from "new" installations that were built after January 1, 1997.
[18] Green-e is the largest certification program, certifying about 50% of all voluntary renewable energy purchases. [19] On the other hand, the Ecopower program, managed by Environmental Resources Trust (ERT), may be used to certify electricity that has been used to fulfill an RPS, if the state RPS legislation allows the same REC to be sold in both the compliance and voluntary markets. [20, 21] ERT's Ecopower label provides a record of the claim of renewable energy put into the grid, and certified generation must be 100% renewable and derived from generators built after January 1, 1998. [22] Despite the potential for double counting in some regions, generally very little double counting occurs, because of the combination of certification programs, state rules prohibiting double counting, tracking systems, and the EPA Green Power Partnership program requirements. Nonetheless, some green power marketers sell RECs that are not certified, NOTICE: This is the author's version of a work accepted for publication by Elsevier. Changes resulting from the publishing process, including peer review, editing, corrections, structural formatting and other quality control mechanisms, may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. The definitive version has been published in Electricity Journal, 21. 
Demand Interactions of the Two Markets
While the existence of two markets for renewable energy can prove problematic when attempting to prevent the double use of RECs, having two separate markets helps promote renewable energy development. Project developers and financers have more confidence in the ability to find buyers for RECs because they can be sold into two separate markets that have separate purchasing requirement time frames. Also, the markets may be complementary in that they provide support for different renewable energy technologies or renewable energy generated in different regions.
Complementary Timing and Demand
The existence of both the voluntary and compliance green power markets can provide two different revenue streams for renewable energy developers, reducing project risk and bolstering finances. [23] The availability of the two markets for project output can also help alleviate some supply and demand balance issues. As an example, the compliance market has, in recent years, been the major driver for new renewable energy development in the nation, particularly wind energy. [24] However, because RPS targets increase over time and renewable energy projects generally cannot be incrementally scaled up, there can be an excess of supply in compliance markets as large projects come online with excess capacity to meet near-term goals. When both markets exist, this near-term excess supply can be used to address demand in the voluntary market.
For example, some utilities have found that it is beneficial to have a green pricing program when an RPS is in place because it provides increased flexibility for managing renewable energy supplies. By being able to periodically reallocate eligible renewable energy generation from the voluntary program to the compliance obligation and vice versa, utilities can better balance supply and demand, which helps minimize costs and facilitate resource planning. [25] Additionally, the presence of two markets can provide assurances to developers and project financers that markets will be sustained. In Pennsylvania, for example, the voluntary market helped support the development of five wind farms prior to the adoption of the state's Alternative Energy Portfolio Standard (AEPS), but emerging RPS policies in the region also provided some assurances that markets for the project output would persist over time. [26] Furthermore, some states limit the length of time that RECs are eligible to be used for compliance. Limits on the lifetime of RECs can range from three months to four years after they have been issued. [27] Therefore, the presence of voluntary markets can provide another market for RECs with a short compliance lifespan, providing a more consistent selling market.
Support for Technology and Geographic Diversity
Just as both markets can provide revenue streams for project developers, the voluntary and compliance markets can support different types of renewable generation in various locations. For example, often voluntary markets support renewable energy generation from regions where it is not used or eligible for RPS compliance. In some cases, however, there may be overlap in state RPS and voluntary market demand if green power customers are interested in purchasing local renewable energy generation in regions where an RPS is in place.
In the compliance market, the least expensive form of renewable electricity within the eligible geographic region will generally be used to fulfill the mandate. [28] However, some states have incorporated provisions in their RPS that encourage in-state, customer-sited, or community-based renewable energy generation, or require that a certain fraction of the target be met with specific resources, such as solar or biomass. For example, a number of states require a percentage of the RPS to be fulfilled with solar energy. In addition, New York requires that a percentage of the RPS be filled from customer-sited generation such as fuel cells, methane digesters, small wind, or photovoltaic cells. [29] NOTICE 12.006 Similar to technology set asides in RPS policies, voluntary markets have also been used to provide support for specific technologies or small-scale renewables. Consumers generally show a preference for solar and wind energy sources; therefore, many products are designed to cater to these preferences. [30] For example, a number of utilities, such as the Tennessee Valley Authority (TVA), include some generation from small-scale solar photovoltaic and wind projects in the resource mix used to supply their green power customers. TVA's green power program provides a significant incentive for the development of small, distributed PV and wind systems in the region, in the form of a 15¢/kWh payment to system owners for the output for 10 years. [31] We Energies' green pricing program is similar in that it supports the development of customer-sited PV systems by paying system owners 22¢/kWh for the output of the system.
In contrast to some RPS policies that limit eligible renewable generation to a specific region, the voluntary market is increasingly providing an outlet for RECs from facilities located anywhere in the U.S. For instance, many large corporations and institutional customers purchase "nationally sourced" RECs, which are often derived from renewable energy projects that are not eligible to meet an RPS because of their location. In addition, voluntary markets have helped stimulate renewable energy development in regions prior to the adoption of an RPS. For example, utility green pricing programs in the Pacific Northwest have created demand for wind energy in the region, supporting projects such as the Stateline wind energy project on the Washington-Oregon border. [32] In some cases, voluntary markets are also used to support "local" renewable energy sources located near the purchaser. Some consumers prefer and are willing to pay more for state or regionally derived renewable energy because they want to support local development of the industry. For example, under the Connecticut Clean Energy Options program, a portion of the power is sourced from the ISO New England, providing support for regionally-sourced renewables. [33, 34] In addition, many utility green pricing programs are sourced from renewable energy facilities located within the state or neighboring states. In these instances, the demand from the voluntary and RPS markets may overlap, creating competition for the same local resources. This overlap and the price implications are discussed more below.
REC Price Interactions
This section explores the elements that drive the price of RECs and discusses the price effects resulting from the presence of the two markets. First, we discuss compliance market prices as these markets tend to establish prices in regions where RPS policies exist. Then we turn to voluntary market REC prices and the price interactions between the markets.
Compliance Market Prices
The presence of the two markets can cause price interactions that could become more pronounced in the coming years as the voluntary market grows. The way in which RPS rules are written can determine the price of compliance RECs. NOTICE: This is the author's version of a work accepted for publication by Elsevier. Changes resulting from the publishing process, including peer review, editing, corrections, structural formatting and other quality control mechanisms, may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. The definitive version has been published in Electricity Journal, 21. Rules with respect to banking or limitations on the life of REC eligibility can also affect prices. If a state has set up rules in its RPS that allow RECs to be banked and used in future years, as is the case in Texas, REC supply and price oscillations could occur if load serving entities attempt to hoard RECs when prices are low. [38] However, banking can also alleviate price spikes by providing flexibility in compliance. The variety of rules regarding resource eligibility, REC origin, and bankability of RECs has led to a large discrepancy in REC prices from state to state. See Figure 3 for a summary of compliance REC prices for Tier 1 or Class 1 sources (typically new renewable energy sources) by state since August of 2002.
Voluntary Market Prices
As just discussed, compliance market requirements and the availability of supplies to meet them tend to drive REC prices in each region. However, in many cases, voluntary market providers are not bound to geographic regions for REC supplies, in which case they can procure nationally sourced RECs, which are generally less affected by regional compliance market prices. It is also important to note that in the voluntary market, the availability and price of supplies can affect demand, with demand rising with low prices, and falling with high prices.
Overall, voluntary REC prices depend on several factors: the type of renewable energy generation, the geographic origin of generation, the vintage of the renewable energy project, the size of the purchase, and availability of supplies. Prices for residential retail consumers range from about 1¢/kWh to 2¢/kWh. For large consumers, prices are considerably lower. Limited data available from brokers provides an indication of wholesale prices. Nationally-sourced RECs from wind farms in the Midwest, where the wind resource quality is generally excellent, range from $1/MWh to $4/MWh and prices for biomass range from about $1/MWh to $5/MWh. Solar-derived RECs tend to be the most expensive at about $20/MWh. [39] If voluntary market demand overlaps with the RPS region, compliance markets will have a greater influence on voluntary market prices. The price of RECs in the voluntary market can be affected by REC availability after compliance obligations have been met. Generally, compliance obligations are met first, as many RPSs include noncompliance penalties. In the PJM region, voluntary REC prices were about $10/MWh more expensive than compliance REC prices from December 2004 to January 2005 because RECs derived from this region were scarce at the time (see Figure 4 ). In addition, one green power marketer in New York recently raised the price of its green power offering and reduced the amount of wind generation in its product mix because of a scarcity of wind energy supplies in the region, as most of the available supplies were used to meet the RPS. [40] The opposite can be true if utilities achieve RPS compliance ahead of schedule and there is an oversupply of available renewable energy in the region.
In the coming years, both voluntary and compliance REC prices could rise as existing RPS requirements increase, as RPS policies are expanded to other states and perhaps nationally, and if REC supplies in some states and for certain technologies become increasingly scarce. [41] If there is a marked increase in the demand for RECs without an accompanying growth in supply, the voluntary market would likely be the first to experience a shortage as utilities buy up the available RECs to avoid noncompliance penalties. A preliminary analysis conducted by NREL shows a potential short-term REC supply shortage nationally through 2010, given established state RPS targets and projections of voluntary market demand based on recent growth rates. [42] While the analysis did not address regional supply and demand issues, shortages would likely occur in particular regions, because excess generation in some areas, like Texas, is not eligible to meet RPS requirements in other states. It is important to note, however, that shortages would likely be short-term in nature, as the industry would likely ramp up to meet growing demand.
Relationship between RPS and Voluntary Market Participation
This section explores whether voluntary market participation influences RPS adoption and expansion and vice versa. For example, voluntary markets may play a role in influencing the adoption of an RPS by demonstrating consumer support for renewable energy. On the other hand, once an RPS is established, will it cause participation in voluntary markets to decline? Is there a need for voluntary markets if compliance obligations are established? This section examines these issues in turn.
RPS Influence on Voluntary Market Participation
As more aggressive RPS standards are adopted by states and bills for national legislation gain momentum, there is some concern that the voluntary market will dissolve as customers begin to rely on policies to support renewable energy. However, there is little evidence to date to suggest that the adoption of an RPS will impact voluntary market sales. Figure 5 shows the historic and current sales of renewable energy through green pricing programs in four states with an RPS in place. [45] The year that the RPS was adopted or modified is listed in parentheses in the legend of the figure. There is no apparent decline in sales once the RPS is adopted, at least to date. In fact, sales continue to grow over time.
Furthermore, we found that customer participation rates in utility green power programs were higher on average in states with an RPS than in those without. Mean customer participation rates for utility programs were 0.59 percent and 2.1 percent for programs in states without RPS (N=16) and states with RPS (N=65), respectively. This finding was statistically significant based on an analysis of 2006 customer participation data provided by utilities. While it is not likely that the mere presence of an RPS encourages consumers to make voluntary green power purchases, the higher voluntary participation rates in states with RPS may be explained by a number of factors, such as: 1) consumers in RPS states may be more prone to support renewable energy in general, 2) consumers may be more aware of the benefits of renewable energy due to education about the benefits of the RPS policy, 3) some successful green pricing programs may be offered by public or cooperative utilities that are not subject to the state RPS, and 4) there may be more renewable energy supplies in states with an RPS which keeps prices relatively low for green power consumers, encouraging participation. Interestingly, we found no statistically significant difference in average renewable energy sales rates (kWh of green power sold divided by all kWh of electricity sold by the utility) through utility green power programs in states with and without an RPS. Figure 6 shows the relative magnitude of renewable energy sales through utility green power programs by state and whether an RPS policy has been enacted. The figure shows that many of the states that lead in terms of consumer purchases through voluntary utility green power programs also have RPS policies in place. The notable exceptions are Florida, Tennessee, and Oklahoma, which do not have RPS policies.
Even though this data suggests that voluntary market sales remain robust in states with an RPS, looking forward, this issue might require additional analysis once higher RPS penetration levels are achieved. It is possible that more aggressive policies could impact voluntary market participation. In addition, RPS policies could limit sales or participation if supply shortages were to arise, as discussed earlier. In this case, compliance obligations would likely be met first and utilities might limit renewable energy available to voluntary green pricing programs. Or higher prices might discourage participation. However, it is likely that such shortages would be only temporary.
Summary and Conclusions
As the voluntary and compliance markets have evolved and grown, they have increasingly influenced each other in a variety of ways. Based on our review of experience in these two markets in recent years, there are several key issues that have emerged as a result of the interplay of these two markets, which are described briefly below.
NOTICE: This is the author's version of a work accepted for publication by Elsevier. Changes resulting from the publishing process, including peer review, editing, corrections, structural formatting and other quality control mechanisms, may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. The definitive version has been published in Electricity Journal, 21. --Complementary Markets. While the voluntary and compliance renewable energy markets generally operate separately, they can be complementary in providing multiple revenue streams that operate on different time tables for project developers. RPS targets generally increase incrementally over time and renewable energy projects are often constructed in large increments to take advantage of economies of scale; therefore, available renewable generation may exceed current RPS requirements. Voluntary markets can help provide an alternative market for the output of excess renewable energy capacity, which can be beneficial for project developers. And utilities that are subject to an RPS may find it easier to manage current and future supplies if they also offer a green pricing program.
--Demand for Renewable Energy Generation. While compliance and voluntary markets may sometimes be in competition for renewable energy generation, often the markets utilize renewable energy generation from different regions or technologies. RPS policies typically create demand for the least-cost renewable energy generation from within a specified region, unless there are resource-specific set asides. Voluntary markets utilize a significant amount of renewable energy generation from projects located throughout the U.S., including those in locations that make them ineligible to meet RPS requirements. In addition, some voluntary market products incorporate generation from highercost renewables that might not be used to meet RPS requirements, such as small distributed systems.
--Price Interactions. Typically, the RPS market will establish REC prices as a result of enforcement penalties and strict eligibility requirements. If RPS eligibility rules are difficult to meet, REC prices can be driven up by supply shortages. These RPS rules can affect prices for both voluntary and compliance RECs in the region. However, voluntary market RECs are often nationally sourced from projects in areas with high quality renewable resources but where no RPS exists, or where states are in RPS overcompliance. REC prices in the RPS market have had little effect on nationallysourced REC prices to date.
--Voluntary Market Influence on Adoption of RPS. In some cases, the presence of the voluntary market has demonstrated consumer support for renewable energy development and contributed to the passage of RPS legislation or ballot initiatives. Because of the emphasis on marketing, voluntary green power programs can raise awareness and educate consumers about the benefits of renewable energy in general, which may be important to the passage of an RPS.
--RPS Impact on Voluntary Market Participation. Based on an examination of available data, we found no evidence to suggest that the adoption of RPS policies has adversely affected voluntary purchases of renewable energy to date. Examination of data on utility green pricing program sales in four states showed continued increases in sales, despite the adoption of RPS policies. Furthermore, we found that utility green pricing program participation rates are higher on average in states with RPS, based on a statistical analysis of available utility data. Consumers may remain interested in purchasing renewable energy at levels beyond the minimum requirements of an RPS. However, most RPS policies are in early stages of implementation and this issue may require additional analysis once higher RPS penetration levels are achieved.
